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© Continuous kneading machine. 



© A continuous kneading machine including - a 
kneading portion for kneading a material, a material 
feeding portion for feeding a kneaded material to a 
material discharging portion, means such as a mov- 
able dam provided between the kneading portion 
and the material feeding portion for applying a uni- 
form flow resistance to material flow from the knead- 
ing portion to the material feeding portion, and 
means such as a gear pump connected to the ma- 
terial discharging portion for discharging the 
kneaded material out of the machine. The flow resis- 
tance can be controllably changed to thereby ensure 
effective control of a kneading degree. The pressure 
at the material discharging portion can be control- 
lably changed to control a discharge amount of the 

^material independently of the control of the flow 

^resistance. 
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CONTINUOUS KNEADING MACHINE 



The present invention relates to a continuous 
kneading machine for continuously piasticizing and 
melting a plastic material such as plastics and 
rubber and kneading the same with additives, fil- 
lers, etc. 

In a conventional continuous kneading machine 
for plastics for example, two rotors each having a 
kneading blade portion are arranged in parallel 
relationship to each other in a chamber having a 
supply hole and a discharge hole. A kneading 
material with additives, fillers, etc. is supplied from 
the supply hole, and is kneaded by the rotors. As 
being plasticized and molten, the kneaded material 
is discharged from the discharged hole. 

In order to improve the quality of a kneaded 
product, there have been developed various knead- 
ing control devices for controlling a kneading de- 
gree, pressure or temperature during a kneading 
operation. 

One of the prior art kneading control devices is 
disclosed in U.S. Patent No. 4,310,251 (which will 
be hereinafter referred to as a first technique). In 
the first technique, : a gear pump for feeding a 
kneaded material to an after-treatment device is 
connected to a downstream side of the discharge 
hole of the chamber. A rotating speed of the gear 
pump is controlled by a variable motor to thereby 
control the pressure in a kneading portion, so that a 
filling degree of the material in the chamber may 
be changed to adjust the kneading degree. 

However, the first technique has a problem 
such that since a pumping power of the rotors is 
small, an intrusion efficiency of the material into the 
teeth of the gear pump is reduced to cause hunting 
of the pressure in case of kneading a high-viscous 
resin in particular. As a result, a melting start point 
of the resin is fluctuated to render the operation 
unstable. 

Such a problem of the first technique has been 
solved by a second technique wherein an amount 
of the material to be supplied to the supply hole is 
regulated to control the kneading degree and a 
third technique (see Japanese Patent Laid-open 
Publication No. 58-183210) wherein a fixed dam for 
obstructing an axial flow of the material is provided 
in the vicinity of the discharge hole to control the 
pressure and temperature. 

However, the second technique has a problem 
such that although adverse effect to the kneading 
operation is reduced, the control effect is less 
exhibited, and the control response is late. On the 
other hand, the third-technique has a problem such 
that although the control effect is exhibited to cer- 
tain range of viscosity, it is hard to cope with high 
and low viscosity of the resin. 



0391003A2J_> 



Further, an improved technique for solving the 
above problems is disclosed in U.S. Patent No. 
4,681,457. Referring^ to Fig. 5 which schematically 
illustrates this improved technique in the prior art, a 
s gear pump 7 is located downstream of a discharge 
hole 3 of a chamber 4, and a feeding device 6 is 
located upstream of a supply hole 2. Further, a 
movable dam 8' is located in the vicinity of the 
discharge hole 3. An inlet pressure of the gear 

io pump 7 is detected by a pressure sensor PIC, and 
a variable motor M4 for driving the gear pump 7 is 
so controlled as to stably operate the gear pump 7 
according to an output from the pressure sensor 
PIC. A dam controller 14 receives constant feed 

rs . conditions of the feeding device 6, a temperature in 
the discharge hole 3 as detected by a temperature 
sensor TIC. a rotating speed of a motor M2 for 
rotating a rotor 5, etc., and varies a shearing area 
in the chamber 4, a filling degree, etc., so that 

20 resin having a wide range of viscosity may be 
kneaded stably and effectively. 

However, the improved technique yet has the 
following problem. That is, as the movable dam 8' 
is opposed to a kneading blade portion B of the 

25 rotor 5 which portion is long in the axial direction of 
the rotor 5 but small in sectional area, a material 
blocking area by the movable dam 8* is small to 
cause a less change in resin temperature or pres- 
sure in the discharge hole 3. On the contrary, the 

30 pressure or temperature of the material upon pass- 
ing through the movable dam 8' is changed by the 
influence of the control of the gear pump 7, thus 
rendering the control of the movable dam 8' dif- 
ficult or inaccurate. Furthermore, as the rotor 5 

35 itself cannot extrude the material in the vicinity of 
the discharge hole 3, defective intrusion of the 
high-viscous resin into the gear pump 7 is not stili 
solved. 

40 

SUMMARY OF THE INVENTION 

We will describe apparatus which solves the 
various problems as mentioned above, and we will 
45 describe a continuous kneading machine which 
may suitably control the kneading degree to obtain 
a kneaded material having a uniform quality. 

We will also describe a continuous kneading 
machine which may effect the control of the knead- 
so ing operation precisely and readily without the in- 
fluence from the kneaded material discharging 
means. 

We will describe a continuous kneading ma- 
chine which may ensure a stable operation over 
the total system from a material supplying stage 
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through a kneading stage to a material discharging 
stage. 

A first aspect of the invention provides a con- 
tinuous kneading machino comprising a kneading 
portion for kneading a material, a material feeding s 
portion for feeding a kneaded material to a material 
discharging portion, means provided between said 
kneading portion and said material feeding portion 
for applying a uniform flow resistance to material 
flow from said kneading portion to said material io 
feeding portion, and means connected to said ma- 
terial discharging portion for discharging said 
kneaded material out of said machine. 

According to a second aspect of the present 
invention, there is provided a continuous kneading 75 
machine comprising a chamber having a material 
inducing hole at one end and a material discharg- 
ing hole at the other end; a pair of rotors arranged 
in parallel relationship to each other in said cham- 
ber, each of said rotors having a first feeding blade 20 
portion, a kneading blade portion, these blade por- 
tions being formed along a longitudinal direction of 
said chamber in this order; a sectionally circular 
rotor portion formed on each of said rotors between 
said kneading blade portion and said second feed- 25 
ing blade portion; a movable dam having an .oppos- 
ing, edge opposed to and formed substantially 
along a circular edge of said sectionally circular 
rotor portion, said movable dam being adjustably 
approached to or retracted from said sectionally 30 
circular rotor portion; and a gear pump connected 
to said material discharging hole. 

the material supplied from the material induc- 
ing hole- by a feeding device is kneaded at "the v 
kneading portion in the chamber, and is subject to 35 
a shearing action to be plasticized and molten. The 
plasticized and molten material is fed to , pass; , 
through the flow resistance applying means.'pro-" / 
vided between the kneading portion and the ma- "... ' 
terial feeding portion for feeding the; kneaded ma- '40 
terial to the material discharging hole formed at the.' ' 
downstream end of the chamber, and is fed tar tKe 
material feeding portion. Then, the kneaded; ma- 
terial is forcibly fed to the material discharging hole 
by the material feeding portion, and is discharged 45 
to an after-treatment device such as a pelletizer 
under a desired pressure by the material discharg- 
ing means such as a gear pump or. a screw ex- 
truder connected to the material discharging hole. 

The flow resistance applying means may be r so 
located between the kneading portion and the. ma- 
terial feeding portion, and it serves to apply a 
substantially uniform flow resistance to the overall 
kneaded material flowing from the kneading portion 
to the material feeding portion. The flow resistance 55 
can be made variable by controlling the flow resis- 
tance applying means. Accordingly, the material 
existing in the kneading portion is subject to the 



flow resistance by the flow resistance applying 
means, with the result that the material resides in 
the kneading portion for a desired residence time 
and is subject to the knading operation. More 
specifically, if the residence time is too long, the 
flow resistance is reduced to let the kneaded ma- 
terial readily flow to the material feeding portion, 
while if the residence time is too short, the flow 
resistance is increased to suppress the flow of the 
kneaded material to the material feeding portion. 
Thus, the kneading degree of the material can be 
controlled uniformly and stably. 

The material discharging means such as a gear 
pump is isolated from the flow resistance applying 
means through the material feeding portion for for- 
cibly feeding the kneaded material to the material 
discharging hole. Therefore, even when there is 
generated pressure fluctuation in the material dis- 
charging portion by the material discharging 
means, the kneading portion is not affected at all 
by such pressure fluctuation. Accordingly, the dis- 
charging means can be freely operated without 
affecting the kneading portion, thus ensuring a sta- 
ble operation in a wide operational range. 

Furthermore, a generation gas to be generated 
during the kneading operation can be readily re- 
moved from the material feeding portion, thereby 
suppressing an adverse effect of the gas to a 
series of operations inclusive of the induction and. 
kneading of the material and ensuring the uniform- 
ity of the quality of the kneaded material. 

The flow resistance applying means may be 
constructed of any mechanism which can apply a 
substantially uniform flow resistance to the 
kneaded material flowing at any portion around the 
rotors. This mechanism is preferably constructed of 
a movable dam, for example. 

The movable dam has an opposing edge op- 
posed to and formed substantially along an outer 
circumferential surface of a sectionally circular por- 
tion of each rotor. The movable dam is adjustably 
moved to let the opposing edge be approached to 
or retracted from the outer circumferential surface 
of the sectionally circular portion, so that a material 
passing area defined between the movable" dam 
, and the sectionally circular portion may be 
changed from substantially zero to a full open 
condition in the chamber. By changing the material 
passing area in this manner, the temperature, pres- 
sure and residence time of the kneaded material in 
the kneading portion is controlled. 

Further, since the kneaded material is forcibly 
discharged from the material discharging hole by 
the material feeding portion, there is no possibility 
of defective intrusion of the material in the gear 
pump as the material discharging means. In addi- 
tion, the control of the gear pump for supplying the 
material to the after-treatment device is isolated 
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from the control of the movable darn by the ma- 
terial feeding portion, and does not affect the latter. 

The material discharging means such as a gear 
pump may be controlled in such a manner that the 
pressure of the material in the materia! discharging 
hole is made substantially constant. 

Other objects and features of the invention will 
be more fully understood from the following de- 
tailed description and appended claims when taken 
with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration of the total 
system of the present invention; 

Fig. 2 is a cross section taken along the line 
IMI in Fig, 1; 

Fig. 3 is a cross section taken along the line 

III- Ill in Fig. 1; 

Fig. 4 is a cross section taken along the line 

IV- IVin Fig. 1; and 

Fig. 5 is a schematic illustration of the prior 
art system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

There will now be described a preferred em- 
bodiment of the present invention with reference to 
the drawings. 

Referring to Figs: 1 to 4, a continuous kneading 
machine 1 includes a chamber 4 having a supply 
hole 2 and a discharge hole 3, a pair of rotors 5 
arranged in parallel relationship to each other in the 
chamber 4. a feeding device 6 disposed upstream 
of the supply hole 2, a gear pump 7 disposed 
downstream of the discharge hole 3, and a pair of 
movable dams 8 disposed intermediate of the sup- 
ply hole 2 and the discharge hole 3. - 

The feeding device 6 includes a feed screw 10 
and a variable/ motor Ml for driving the feed screw 
10. The feeding device 6 continuously supplies a 
predetermined amount of kneading material (e.g., 
plastic, rubber), additives, fillers, etc. to the supply 
hole 2. J " . , ^ 

The pair of rotors 5 have the same shape, and 
are juxtaposed to each other in meshing condition. 
The rotors 5 are designed to be synchronously 
rotated by a motor . M2. Each of the rotors 5 is 
formed with a screw portion A, a kneading blade 
portion B, a sectionally circular portion C, and a 
feeding blade portion D. These portions A, B, C 
and D are formed in this order continuously from 
the upstream position on the supply hole 2 side to 
the downstream position on the discharge hole 3 
side. 

As shown in Figs. 3 and 4, the screw portion A 
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and the kneading blade portion B have a substan- 
tially triangular cross-section, and function to feed 
and knead the material supplied from the supply 
hole 2. In the feeding and kneading operation, the 

s material is plasticized and molten by the pressure 
and heat. At the time the material is fed to pass the 
sectionally circular portions C f the kneading opera- 
tion has been almost completed. Accordingly, the 
feeding blade portion D primarily functions to urge 

10 the molten material to the discharge hole 3. The 
feeding blade portion D has substantially the same 
shape as the screw portion A. 

The chamber 4 is formed with a vent 9 at a 
position opposed to the feeding blade portion D, so 

75 as to discharge a volatile matter generating from 
the molten material during the kneading portion. 
The vent 9 prevents feed inhibition to be generated 
by reverse flow of the volatile matter to the supply 
hole 2. 

20 The pair of movable dams 8 are disposed 

above and below the sectionally circular portions C 
in opposed relationship thereto. An outer circum- 
ferential surface 1 1 of each sectionally circular por- 
tion C has a diameter slightly smaller than an inner 

25 diameter of the chamber 4, and each of the upper 
and lower movable dams 8 has an opposing edge 
12 formed substantially along the outer circum- 
ferential surface 11 of the sectionally circular por- 
tions C. 

30 That is, each opposing edge 12 is formed by 

laterally juxtaposing a pair of arcuate surfaces hav- 
ing a radius of curvature equal to or slightly greater 
than that of the outer circumferential surface 11. 
The upper . and lower movable dams 8 are driven 

35 by respective motors M3 to adjustably approach 
and retract the upper and lower opposing edges 1 2 
to and from the sectionally circular portions C. 

Although the two motors M3 for synchronously 
moving, the upper and lower movable dams 8 are 

40 shown, a single motor may be so provided as to 
move the dams 8 by the same amount through a 
rack-pinion mechanism or a screw jack mecha- 
nism. 

Alternatively, the upper and lower movable dams 8 
45 may be driven by a hydraulic cylinder. 

~ As mentioned above, the vertical positions of 
the upper and lower movable dams 8 with respect 
to the sectionally circular portions C can be ad- 
justed to thereby change a material passing area 
so from substantially zero to a full open condition of 
the chamber 4. Thus, by restricting the material 
passing area, a flow resistance of the material may 
be increased to increase the temperature and the 
pressure of the material passing through this area. 
55 The temperature and the pressure of the ma- 

terial passing through this area are measured by a 
temperature sensor TIC and a pressure sensor PIC, 
respectively- The motors M3 are controlled by the 

4 
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temperature sensor TIC and the pressure sensor 
PIC according to the result of measurements of the 
temperature and the pressure. Accordingly, a pre- 
determined kneading degree of the material is not 
r ached after measuring the temperature and the 
pressure, the motors M3 arc operated to move the 
movable dams 8 and adjust the gate area between 
the dams 8 and the sectionally circular portions C, 
thereby controlling the kneading degree (a melting 
start point). 

The gear pump 7 is driven by a motor M4 in 
the same manner as the prior art. That is, the 
pressure at a pump inlet is measured by a pres- 
sure sensor PIC, and the motor M4 is controlled by 
the pressure sensor PIC according to the result of 
measurement of the pressure, thereby regulating 
an amount of the kneaded material to be supplied 
to an after-treatment device" 

This gear pump 7 is especially effective in 
feeding a high-viscous material which is hard to be 
supplied to the after-treatment device by the feed- 
ing blade portion D only. A pressure change due to 
the control of the gear pump 7 is not propagated to 
the material being kneaded by the kneading blade 
portion B since the kneaded material is forcibly fed 
by the feeding blade portion D. Accordingly, the 
control by the movable dams 8 is independent of 
the control by the gear pump 7. 

As described above, since the movable dams 8 
have the opposing edges 12 opposed to and 
formed substantially along"- the outercircumferential 
surfaces 1 1 of the sectionally circular portions C of 
the rotors 5, the material passing area between the 
rotors 5 and the movable dams 8 can be changed 
from substantially zero to the full open condition in 
the chamber 4. Accordingly, the flow resistance of 
the material can be changed to control the knead- 
ing degree and ensure effective control 1 of the 
kneading operation. Furthermore; since each rotor 
5 has the feeding blade portion D . for forcibly 
feeding the kneaded material to the discharge, hole 
3, defective intrusion of '.the material at ;the "gear 
pump 7 can be reduced. Further, the control by the 
gear pump 7 for smoothly supplying the kneaded 
material to the after-treatment device does not af- 
fect the control of the kneading.. .operation. by the 
movable dams 8. Accordingly, the kneading/control 
can be precisely and^ readily carried out", arid even 
when kneading a high-viscous'' material, -the opera- 
tion can be stably conducted. V* r : 

While the invention has been described with 
r ference to a specific embodiment, the description 
is illustrative and is not to be construed as limiting 
the scope of the invention. Various modifications 
and changes may occur to those skilled in the art 
without departing from the spirit and scope of' the 
invention as defined by the appended claims. ~ 



Claims 

1. A continuous kneading machine comprising: 
a kneading portion for kneading a material; 

5 a material feeding portion for feeding a kneaded 
material to a material discharging portion; 
means provided between said kneading portion and 
said material feeding portion for applying a uniform 
flow resistance to material flow from said kneading 

io portion to said material feeding portion; and 

means connected to said material discharging por- 
tion for discharging said kneaded material out of 
said machine. 

2. The continuous kneading machine as de- 
15 fined in claim 1 further comprising means provided 

at said material feeding portion for venting a gen- 
eration gas from said material feeding portion. 

3. The continuous kneading machine as de- 
fined in claim 1 further comprising means for mea- 

20 suring pressure or temperature at said kneading 
portion and means for controlling said flow resis- 
tance according to a value measured by said mea- 
suring means. 

4. The continuous kneading machine as de- 
25 fined in claim 1, wherein said material discharging 

means comprises a gear pump. 

5. The continuous kneading machine as de- 
fined in claim 4 further comprising means for mea- 
suring pressure at said material discharging portion 

30 and means for controlling the pressure at said 
material discharging portion according to a value 
measured by said measuring means. 

6. A continuous kneading machine comprising: 
a chamber having a material inducing hole at one 

35 end and a material discharging hole at the other 
end; 

a pair of rotors arranged in parallel relationship to 
each other in said chamber, each of said rotors 
having a first feeding blade portion, a kneading 

40 blade portion and a second feeding blade portion, 
these blade portions being formed along a longitu- 
dinal direction of said chamber in this order; 
a sectionally circular rotor portion formed on each 
of said rotors between said kneading blade portion 

45 and said second feeding blade portion; 

a movable dam having an opposing edge opposed 
to and formed substantially along a circular edge of 
said sectionally circular rotor portion, said movable 
' ' dam being adjustably approached to or retracted 

so ■ from said sectionally circular rotor portion; and 

a gear pump connected to said material discharg- 
ing hole. 

7. The continuous kneading machine as de- 
fined in claim 6 further comprising means for con- 

55 trolling an approaching or retracting operation of 
said movable dam. 

8. The continuous kneading machine as de- 
fined in claim 6 further comprising means provided 
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at a portion of said chamber where said second 
feeding blade, portion is disposed for venting a 
generation gas out of said machine., 

9. The continuous kneading machine as de- 
fined in claim 6 further comprising means for con- 
trolling a rotating speed of said gear pump. 
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© Continuous kneading machine. 

© A continuous kneading machine (1) including a 
kneading portion for kneading a material, a material 
feeding portion for feeding a kneaded material to a 
material discharging portion, means such as a mov- 
able dam (8) provided between the kneading portion 
and the material feeding portion for applying a uni- 
form flow resistance to material flow from the knead- 
ing portion to the material feeding portion, and 
means such as a gear pump (7) connected' to the 



material discharging' portion for discharging the 
kneaded material out of the machine. The flow resis- 
tance can be controllably changed to thereby ensure 
effective control of a kneading degree. The pressure 
at the material discharging portion can be control- 
lably changed to control a discharge amount of the 
material independently of the control of the flow 
resistance. 
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